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The Drosophila antennal lobe represents the first processing stage for olfactory information. In con-
trast to previous views, Olsen et al. (this issue of Neuron) demonstrate that antennal lobe output neu-
rons show a broadened odor-tuning spectrum as compared to their sensory input. Likely candidates
responsible for this broadening of odor tuning are recently identified excitatory local interneurons
(Shang et al., February 9 issue of Cell).The problem with studying the sense
of olfaction is two-fold. First, on more
practical grounds, the stimulus is invis-
ible yet sticky. Second, which is more
conceptually problematic, we humans
often perceive smells only subcon-
sciously (think about someone with
a cold saying that the food doesn’t
have much taste). Nevertheless, olfac-
tion has become amajor research area
in neurobiology, where more and more
molecular and systems neurobiolo-
gists join the growing group of olfac-
cionados aiming to understand the
neural circuitry underlying the sense
of olfaction. In the world of Drosophila,
this new epoch was highlighted by
the olfactory-receptors genes being
cloned in 1999 (Clyne et al., 1999;
Vosshall et al., 1999).
The Drosophila olfactory pathway
(Figure 1) starts on two appendages
of the fly’s head: the third segment of
the antenna as well as the maxillary
palps on the mouth part. Both organs
are covered by several hundreds
(antenna) or tens (palp) of sensilla
into which olfactory-receptor neurons
extend their dendrites. Olfactory-
receptor molecules binding the actual
odor molecule are located within the
membrane of these dendrites, deter-
mining, by their molecular binding do-
main, the sensitivity spectrum of such
receptor cells. Each cell expresses
only a single receptor molecule (with
the exception of one other, which
is found in all neurons). The axons of
all olfactory-receptor neurons run6 Neuron 54, April 5, 2007 ª2007 Elsevtogether within the antennal nerve to
terminate in the antennal lobe, a highly
invariant brain structure (Laissue et al.,
1999) built from about 50 small
spheres called ‘‘glomeruli,’’ 43 receiv-
ing input from the antenna and 6 from
the palps (Couto et al., 2005; Fishile-
vich and Vosshall, 2005). All olfac-
tory-receptor neurons expressing the
same olfactory-receptor gene termi-
nate within the same glomerulus,
most of them also sending a side
branch to the mirror-symmetrical
glomerulus in the contralateral lobe.
Within the antennal lobe, two types of
interneurons are found (Stocker et al.,
1990): multiglomerular local interneu-
rons branching throughout the anten-
nal lobe, and uniglomerular projection
neurons, confining their branching to
only a single glomerulus. Projection
neurons leave the antennal lobes and
send their axons to the lateral proto-
cerebrum, branching midway off into
the calyces of the mushroom bodies
where they contact Kenyon cells.
For a long time, a central question in
studying this system has been what
kind of processing is going on in the
antennal lobe. Is it a pure relay station,
bundling the receptor axons with the
same odor specificity onto one or two
projection neuron, or is it doing some-
thing more sophisticated than that?
The existence of local interneurons
would speak for the latter, but in earlier
recordings from projection neurons
using genetically encoded fluorescent
reporters of neural activity, the odorier Inc.tuning of projection neurons was
found to be identical to the one of the
olfactory-receptor neurons innervating
this single glomerulus (Ng et al., 2002;
Wang et al., 2003).
This view, however, has meanwhile
changed, first by electrophysiological
recordings from projection neurons
(Wilson et al., 2004) and most notably
by two recent reports, one from Gero
Miesenbo¨ck’s group at Yale (Shang
et al., 2007) and the other by Rachel
Wilson’s lab at Harvard (Olsen et al.,
2007 [this issue of Neuron]). Both
groups find that the odor tuning of pro-
jection neurons is significantly broader
than the one of the incoming olfactory-
receptor neurons. While projection
neurons still respond the strongest to
odorants that excite the olfactory-
receptor neurons innervating the glo-
merulus where they ramify, projection
neurons also respond, but to a lesser
extend, to odorants that excite olfac-
tory-receptor neurons innervating
other glomeruli. To make this point as
clear as possible, experiments made
full use of Drosophila’s genetic tool-
box. Deleting the DNA coding
sequence for the receptor molecule
found only in receptor cells innervating
a specific glomerulus, its direct input
was silenced while leaving the recep-
tor neurons intact in all other respects.
Whole-cell patch recordings (Olsen
et al., 2007) as well as optical record-
ings (Shang et al., 2007) unambigu-
ously revealed highly significant neural
responses of projection neurons with
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PreviewsFigure 1. Schematic of the Drosophila Olfactory Pathway
Antennal olfactory-receptor axons (in red) ramify in specific glomeruli of the antennal lobes (in yellow), some of them in both hemispheres. Local
interneurons (in blue) branch in all glomeruli within each antennal lobe. Projection neurons (in green) confine their branches within the antennal
lobe to a single glomerulus. From there, their axon runs to the dorsoposterior part of the brain, sending club-shaped side branches into the calyces
of the mushroom bodies (in brown) and terminates in the lateral protocerebrum. The major finding is shown by the schematic odor tuning curves of
olfactory receptors and projection neurons, respectively: compared to their sensory inputs, projection neurons as the sole antennal lobe output
elements exhibit a significant broadening of the odor spectrum they respond to. Artwork by Robert Schorner, MPI Neurobiology, Martinsried.silent direct input to odorants which
stimulate receptor neurons that pro-
vide input to one or several of the other
glomeruli. Doing this experiment for
two different glomeruli revealed that
different projection neurons receive in-
put fromdifferent but overlapping pop-
ulations of olfactory-receptor neurons
(Olsen et al., 2007). A complementary
set of experiments where all but one
type of olfactory-receptor neuron
were deprived of functional receptor
proteins took an orthogonal look at
the connection pattern by recording
the connection strength of one type of
olfactory-receptor neuron to projec-
tion neurons innervating several other
glomeruli (Olsen et al., 2007). Again,
recording from two types of olfactory-
receptorneuronsrevealedaconnection
pattern that is distinct for each type of
receptor neuron, but with a strong de-
gree of overlap between them.
These findings immediately call for
a mechanistic explanation: what isthe neural substrate of this ‘‘lateral
input’’ responsible for the broadening
of projection neurons’ olfactory tun-
ing? Using cell-specific expression
lines, a subpopulation of local inter-
neurons was identified to be immuno-
positive for the excitatory transmitter
acetylcholine, while the others use
GABA, therefore believed to be inhibi-
tory. Ruling-out release from inhibition
by pharmacologically blocking inhibi-
tory synapses (Shang et al., 2007),
these neurons are the most likely can-
didates for lateral excitatory input: how
else should the signal reach the pro-
jection neurons, given the confinement
of olfactory-receptor neurons as well
as projection neurons to a single glo-
merulus within each antennal lobe? In-
deed, as was seen before in inhibitory
local interneurons (Wilson and Lau-
rent, 2005), excitatory local interneu-
rons also exhibit an immensely broad
odor tuning, suggesting that they re-
ceive excitatory input from many otherNeuroolfactory-receptor neurons (Shang
et al., 2007). However, a direct proof
of this connection is still lacking: so
far, double recordings from local inter-
neurons and projection neurons only
revealed the reverse connectivity, i.e.,
from projection neurons to local inter-
neurons (Wilson et al., 2004). Further-
more, as discussed in Olsen et al.
(2007), another component likely to
contribute to broadening of projec-
tion-neuron odor tuning is the non-
linear relationship between the firing
rates of olfactory-receptor neuron
and the projection neuron within the
same glomerulus. This connection re-
veals a high gain for low input activity
that in turn leads to relatively large
responses of the projection neuron to
odorants that excite its direct olfac-
tory-receptor input only marginally.
At first sight, the finding that higher-
order olfactory interneurons respond
to a broader spectrum of odors than
their sensory inputs seems puzzling:n 54, April 5, 2007 ª2007 Elsevier Inc. 7
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cessing to make responses more dis-
tinct, unambiguous with respect to
the stimulus rather than to smear it
out across a number of output lines?
In fact, this type of processing doesn’t
seem to be a peculiarity of Drosophila:
earlier studies on pheromone percep-
tion in cockroaches as well as on
food odor recognition in lobsters had
also found that despite highly selective
primary receptor input, interneurons
revealed a significantly broadened
odor spectrum (e.g., Boeckh and
Ernst, 1987; Derby and Ache, 1984).
In general, the issue of how narrow or
broad the tuning width of any neuron
should be with respect to any kind of
stimulus axis is the issue of coding,
with ‘‘labeled line’’ at the one end of
the spectrum and ‘‘population coding’’
at the other. In the first case, each odor
would ultimately activate just a single
interneuron; in case of population cod-
ing, any odor would always lead to
activity of the whole population of in-
terneurons. What could be the advan-
tage of one form of coding over the
other? Here, the room for speculation
is wide open, in particular since Dro-
sophila odor-discrimination abilities
have been investigated in only a few
studies so far (e.g., Borst and Heisen-
berg, 1982; Borst, 1983). Could it be
that lateral inputs are necessary to
push the activity of projection neurons8 Neuron 54, April 5, 2007 ª2007 Elsevierabove threshold for postsynaptic neu-
rons, as proposed in Shang et al.
(2007)? Could it be that the transfor-
mation from olfactory receptor to pro-
jection neurons implemented by lateral
inputs results in new coordinate axes
that are more informative and, thus,
allow for better odor discrimination?
Although we are still far away from
real answers to the above questions
and many pieces are still missing in
the antennal lobe jigsaw, the system
represents a rare case in neurosci-
ence where knowledge is continuously
growing to an unprecedented level
of detail, allowing for the formulation
of precise hypotheses, and where
genetic tools become available to
interfere with the system in a cell-
specificmanner, allowing for an exper-
imental test of such hypotheses: just
imagine what we could learn about
sensory processing by temporarily
blocking local interneurons, thus re-
setting coordinate axes of projection
neurons to their immediate inputs,
and probing the ability of such flies to
discriminate different concentrations
of odorant mixtures.
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